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MMueethM 


This  study  is  a  follow-on  to  several  previous  studies  funded  by  the 
Naval  Air  Systems  Command  for  development  of  Maintainability  Index  Models. 
The  report  deals  specifically  with  the  term  R&M  Technology  Improvement 
Factor  (TIF)  as  used  in  the  Maintainability  Index  Model  (MIM)  described 
In  DT1C  documents  AD  A  064627  and  AD  A  090563.  The  MIM  R&M  TIF  value 
.describes  the  percentage  Improvement  (or  degradation)  which  can  be  expected 
for  a  given  new  notional  fighter/attack  aircraft  design.  The  MIM  statist!- 
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JfO.  ABSTRACT  (continued) 

ically  derives  a  predicted  value  for  maintenance-manhour s-per -flight -hour 
QMB/FH)  based  on  prior  aircraft,  performance  using  design  parameters  such 
as  vehicle  weight  or  speed.  The  percentage  difference  between  the  statistical 
prediction  and  a  contractor's  submission  is  the  RAM  TIF. 

This  report  describes  the  justification,  and  the  rationale  for  determining 
the  validity,  or  the  reasonableness,  of  TIF's  presented  in  a  new  weapons 
system  design  proposal. 


PREFACE 


This  report  was  prepared  by  the  Maintainability  Engineering  Group  of  the 

V. _  _ _ _ _ _ 

Vought  Corporation,  Dallas,  Texas  under  Contract  No.  N00140-79-C-0445  for 
Naval  Air  Systems  Command,  Washington,  D.C.  The  objective  of  this  study  was  to 
address  the  differences  between  aircraft  oalntainability  requirements  derived 
from  the  Maintainability  Index  Model  (MIM)  and  the  aircraft  maintainability 
requirements  predicted  by  a  contractor.  Methodology  for  assuring  technology 
improvements  and  evaluating  contractor  predictions  is  discussed. 

This  project  was  conducted  under  the  technical  cognizance  of  Messrs. 
George  J.  Donovan  and  Carl  Tanger,  Airframe  and  Equipment  Branch,  AIR-4114. 
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SUMMARY 


The  Maintainability  Index  Model  (HIM)  presented  in  the  Aircraft  Mainte¬ 
nance  Experience  Design  Handbook  provides  a  method  of  measuring  predicted  main- 
ability  technology  improvement  of  a  notional  system  over  a  baseline  of  system 
operational  experience  and  design  parameters.  The  objective  of  this  study  was 
to  provide  the  methodology  necessary  to  validate  this  predicted  technology 
improvement  during  the  conceptual  phase  of  a  system. 

The  study  addresses  aircraft  maintenance  significant  areas  by  system  and 
subsystem,  identifying  those  subsystems  in  which  technology  improvement  will 
have  the  most  significant  impact  on  maintenance  resources  and  requirements. 
The  influence  of  technology,  design  philosophy,  and  commonality  of  systems  on 
maintainability  technology  improvement  also  is  discussed. 

Methodology  is  provided  for  a  subjective  evaluation  of  predicted  maintain¬ 
ability  technology  improvements  in  a  system.  In  general,  it  will  verify,  with 
a  reasonable  degree  of  certainty,  that  Improvement  or  lack  of  improvement  that 
will  result  from  innovations  of  the  system  design  concept. 
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1 .0  INTRODUCTION 


1.1  OBJECTIVE  OF  STUDY 

The  objective  of  this  study  mbs  to  address  the  differences  between  air¬ 
craft  maintenance  requirements  as  determined  by  the  Maintainability  Index 
Model  (MIM)  and  aircraft  maintenance  requirements  as  predicted  by  a  contractor 
during  conceptual  design.  Methodology  for  assessing  technology  improvements 
and  evaluating  contractor  predictions  is  discussed. 

1 .2  HISTORICAL  BACKGROUND 

Under  an  earlier  contract  from  NAVAIR,  reference  (1),  Vought  Corporation 
developed  a  model  for  predicting  baseline  maintainability  characteristics  of 
notional  Navy  Fighter,  Attack,  and  Anti-Submarine  Warfare  (ASW)  aircraft.  The 
model  functionally  relates  aircraft  maintenance  characteristics  at  the 
two-digit  Work  Unit  Code  (WUC)  level  to  aircraft  design  characteristics.  A 
computer  program,  reference  (2),  is  used  to  size  the  given  conceptual  aircraft 
for  baseline  maintainability  requirements.  The  term  baseline  maintainability 
requirements  is  used  to  identify  the  maintenance  requirements  of  an  aircraft 
designed  with  the  technology  that  existed  when  the  active  Navy  Fighter/Attack/ 
ASW  aircraft  were  built.  When  baseline  model  data  is  compared  with  the  con¬ 
tractor's  maintainability  predictions,  the  amount  of  technology  improvement 
anticipated  for  the  new  generation  aircraft  can  be  measured.  Units  of  measure¬ 
ment  are  maintenance  man-hours  per  flight  hour  (MMH/FH),  maintenance  actions 
per  flight  hour  (MA/FH)  and  mean  time  to  repair  (MTTR)  at  the  Organizational 
and  Intermediate  levels  of  maintenance. 


A  user  of  tbe  MXM  must  be  able  to  relate  the  measured  technology  improve- 

% 

sent  with  qualitative  design  features  implemented  in  the  new  design.  For  exam¬ 
ple,  if  the  model  showed  a  34%  technology  improvement  in  the  Flight  Controls 
System  Mtfi/FH,  an  evaluator  would  want  to  know  if  this  value  is  reasonable  and 
whether  the  Reliability  and  Maintainability  (R&M)  design  features  stated  in  a 
contractor's  proposal  could  result  in  a  34%  reduction  iA  MMH/FH. 

1.3  GENERAL  APPROACH 

The  approach  taken  to  satisfy  the  study  objective  was  to: 

o  Identify  baseline  maintainability  requirements  as  determined  by  the 
MIM. 

o  Identify  the  maintenance  significant  items  within  a  system  and  rank 
them  by  subsystem. 

o  Discuss  the  criteria  for  evaluating  maintainability  predictions. 


2.0  NZN  BASELINE  TECHNOLOGY 

2.1  MAINTAINABILITY  INDEX  MODEL 

The  Maintainability  Index  Model  (MIM)  determines  baseline  maintenance 
requirements  for  a  given  aircraft  dependent  on  that  aircraft's  design  charac¬ 
teristics.  Statistical  extrapolation  of  existing  trends  are  used  to  establish 
baseline  maintenance  requirements  as  measured  in  maintenance  man-hours  per 
flight  hour  (MM/PH)  and  maintenance  actions  per  flight  hour  (MA/FH).  These 
resultant  values  reflect  some  level  of  R&M  effort  commensurate  to  the  tech¬ 
nology  that  existed  when  the  data  base  aircraft  were  built.  This  section  will 
address  the  problem  of  increased  weapon  system  complexity  and  equipment  common¬ 
ality  on  maintainability  predictions. 

2.2  AIRCRAFT  DATA  BASE 

The  aircraft  used  in  the  development  of  the  MIM  were  initially  designed 
to  some  level  of  R&M  and  that  effort  is  reflected  in  the  model  data  base. 
Unfortunately,  increased  weapon  system  complexity  has  overshadowed  many  good 
R&M  features  implemented  in  a  design,  compounding  the  problem  of  technology- 
evaluation.  Furthermore,  changes  in  3-M  data  over  time  have  added  another 
variable  to  the  problem. 

The  existing  model  data  base  was  compiled  from  Fleet  experience  of  air¬ 
craft  developed  during  the  late  1960's  and  early  1970 's  and  operating  in  the 
Fleet  during  the  mid  1970's.  Since  then,  maintenance  expenditures  on  the 
aircraft  used  to  develop  the  MIM  has  increased  resulting  in  the  model  under 
predicting  current  year  (1979)  data  by  40%  and  life  cycle  average  data  by  18$ 
(reference  3).  This  has  resulted  in  a  program  for  updating  the  MIM  on  a 
periodic  basis. 


2.3  SYSTEM  COMPLEXITY 


History  has  shown  that  the  addition  of  more  parts,  ooaponents,  and  equip¬ 
ment  to  a  weapons  system  increases  the  probability  of  maintenance  after  a 
flight,  resulting  in  higher  Mlfi/FH  expenditures.  Although  new  technology  has 
improved  component  reliability  (failures  per  part  per  flight  hour),  it  also 
has  permitted  an  inorease  in  density  of  functions  and  capabilities  (numbers  of 
parts  per  subsystem).  This  point  is  illustrated  by  Figure  1  which  shows 
component  reliability  increasing  over  time  while  system  reliability  is 
decreasing.  This  has  resulted  in  an  overall  increase  in  aircraft  maintenance 
requirements. 


Fifen  1,  Twhnelofy  Trend*  in  Aircraft  RelieWlity 


The  system  level  maintainability  estimating  relationships  used  in  the  HIM 
are  responsive  to  this  change  and  are  thus  useful  in  sizing  a  new  conceptual 
aircraft  design  for  baseline  maintainability  requirements.  The  primary  design 
parameters  affeoting  the  model  are  alroraft  weight,  speed,  and  thrust. 


Figure  2  shows  how  dependent  total  aircraft  MMi/PH  la  on  alroraft  avionics 
weight  relative  to  the  year  of  first  fleet  delivery. 


M  17  ••  n  71  71  72  73  74 

Vnr  •(  Fktt  Ftot  DWiwry 

Figure  2.  Aircraft  Maintenance  as  s  Function  of  Avionics  Weight 


Historical  data  showed  that  as  aircraft  avionics  weight  Increased,  so  did 
system  maintenance.  This  trend  even  held  true  for  the  newer  generation  of  air¬ 
craft  (F-14A,  S-3A)  with  improved  avionics  equipment.  One  reason  for  this 
trend  was  that  advances  in  design  technology  were  off-set  by  the  addition  of 
wore  equipment  to  the  aircraft.  Consequently,  it  becomes  exceedingly  difficult 
for  a  new  aircraft  to  show  a  significant  reduction  in  maintenance  and  support 
costs  as  long  as  performance  and  capability  lnorease. 

2.4  EFFECTS  OF  TECHNOLOGY  ON  MAINTAINABILITY 

The  HIM  was  designed  to  be  responsive  to  advances  in  design  technology 
and  improvements  in  reliability  and  maintainability.  The  model  can  aooept  or 


measure  the  act  technology  improvement  predicted  over  a  baseline  design 
depending  on  input  constraints.  The  problem  of  how  nuofa  improvement  can  be 
expeoted  for  a  new  design  becomes  exceedingly  difficult  to  neasure  because  of 
the  variables  in  the  data  and  the  problems  of  quantifying  subjeotive  qualita¬ 
tive  design  features. 

Figure  3  shows  a  typical  relationship  between  MMH/FH  and  aystea  complex¬ 
ity  as  a  function  of  R&M  program  effort.  The  customer  must  determine  to  what 
level  of  effort  a  program  will  be  funded  in  order  to  achieve  a  specified  level 
of  maintainability.  The  degree  of  technology  improvement  Implemented  in  a  de¬ 
sign  is  bounded  by  two  curves.  The  upper  curve  identifies  baseline  MMI/FH  as 
determined  by  the  model.  The  lower  curve  identifies  a  theoretical  or  maximum 
R&M  effort  that  is  still  cost  effective  within  the  program  constraints.  Some¬ 
where  in  between  is  the  optimum  level  of  maintainability  to  be  specified  by 
the  customer  or  predicted  by  the  contractor. 


MMH/FH 


♦ 


System  Campfcxity 


Figure  3.  Lmi  ef  NWetaieaWNty  Effort 


6 


2.5  EQUIPMENT  COMMONALITY 


A  reo«nt  report  (reference  4)  concluded  that  the  nest  striking  character¬ 
istic  of  technology  change  is  its  essential  continuity  across  generations  of 
aircraft.  The  study  showed  the  high  oommonality  of  avionics,  mission,  and  sup¬ 
port  equipment  among  the  A-?,  P-4,  and  F-14  aircraft.  Even  the  newest  and  most 
technologically  advanced  airoraft,  the  F-14A,  was  found  to  have  at  least  52 
peroent  of  its  study  items  incorporated  from  existing  technology  on  board  the 
A-7  and  F-4  aircraft  (Table  1).  This  finding  should  introduce  an  element  of 
caution  into  claims  of  major  manpower  reductions  for  new  generations  of 
weapons  systems  through  advanoed  technology. 

TABLE  1.  EQUIPMENT  COMMONALITY 


A-7B 

A-7E 

F-4J 

F-4N 

F-14A 

Study  Items  (165) 

71 

80 

69 

64 

91 

Common  to  A-7E 

55 

— 

43 

43 

42 

Common  to  F-4J 

38 

43 

— 

63 

37 

Common  to  F-14A 

34 

42 

38 

36 

— 

Common  to  A-7  and  F-4 

— 

47 

Source:  Reference  3 
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3.0  SUBSYSTEM  DATA  ANALYSIS 


This  section  of  the  study  addresses  aircraft  maintenance  data  at  the 
three-digit  Standard  Work  Unit  Code  (SWUC)  subsystem  level.  The  intent  of  this 
seotion  is  to  provide  supplemental  data  to  support  the  two-digit  SWUC  system 
analysis  defined  in  the  HIM  and  the  five-digit  WUC  component  analysis  defined 
in  references  (5)  and  (6). 

Appropriate  historical  maintenance  data  is  included  in  this  section  to 
highlight  the  problem  areas  of  each  system.  Data  is  presented  in  a  bar  chart 
format,  ranking  those  subsystems  which  contribute  the  most  maintenance  to  each 
system.  It  is  hoped  that  by  identifying  the  maintenance  significant  subsystems 
of  existing  aircraft,  steps  can  be  taken  to  correct  or  minimize  future  main¬ 
tenance  problems  on  the  next  generation  of  aircraft. 

For  each  system,  two  sets  of  bar  graphs  are  presented.  The  first  depicts 
a  subsystem  ranking  by  MMH/FH  and  MA/FH  for  a  typical  aircraft  that  is  most 
representative  of  the  given  system.  The  second  illustration  shows  average 
repair  time  by  type  aircraft  for  the  high  maintenance  subsystems.  Mean  values 
are  presented  for  both  Organizational  (0)  and  Intermediate  (1)  levels  of  re¬ 
pair.  A  brief  narrative  description  commenting  on  data  behavior  and  qualita¬ 
tive  maintainability  features  is  also  included.  For  a  more  detailed  discussion 
of  qualitative  maintainability  assessment  of  Individual  items,  see  references 
(1),  (5),  and  (6). 

The  data  base  for  this  study  is  the  same  one  that  was  used  in  the  develop¬ 
ment  of  the  MIM.  Raw  3-M  data  tapes  from  the  1975/1976  time  period  were  proc¬ 
essed  by  Vought  oomputer  routines  resulting  in  a  Standard  Work  Unit  Code 
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Summery  Report.  Sxcerpts  fron  this  report  are  presented  as  Appendices  A  and  B 
with  an  aircraft  WUC  to  SWUC  Matrix  presented  in  Appendix  C. 

3.1  SWUC  11/12  A1 RFRAME/FUSELAGE  SYSTEMS 

The  Airframe/Fuselage  Systems  accounts  for  approximately  9%  of  the  total 
average  unscheduled  maintenance  man-hours  expended  on  the  study  aircraft.  A 
typical  distribution  of  Airframe /Fuselage  Systems  maintenance  is  shown  in 
Figure  4.  The  graph,  based  on  A-6E  data,  shows  the  Structures  Subsystem  to 
have  the  largest  maintenance  expenditure  with  57%  of  the  man-hours  and  499  of 
the  maintenance  actions.  The  Access  Doors/Panel s  Subsystem  also  Is  noted  as  a 
major  contributor  because  it  accounts  for  an  additional  25%  of  the  maintenance 
actions  expended  against  the  system.  In  all  cases  the  level  of  maintenance  is 
predominately  Organizational.  The  average  repair  times  for  the  two  major  sub¬ 
systems  are  illustrated  in  Figure  5  for  the  eight  study  aircraft.  On-aircraft 
(O-level)  repair  times  were  generally  reasonable  except  for  the  AV-8A  expend¬ 
iture  in  the  Structure  Subsystem  which  was  twice  the  mean  time  of  3*6  hours. 
Structural  repairs  to  the  A-7E  and  F-14A  Wing  Outer  Panel  Skin  account  for  the 
higher  than  normal  1-level  repair  times.  Repairs  to  the  engine  removal  door  on 
the  A-7E  accounts  for  the  26.0  hours  repair  time  in  the  Access  Doors/Panels 
Subsystem. 

One  reason  for  the  high  repair  time  at  0-level  for  the  AV-8A  Structural 
Subsystem  is  the  remove  and  replace  requirements  for  the  radome.  On  the  AV-8A 
alroraft,  pitot  static  lines  must  be  disconnected,  several  access  panels  must 
be  removed,  and  a  reaotion  nozzle  must  be  displaced  to  allow  sufficient  clear¬ 
ance  for  removal.  The  physical  size  of  the  radome  by  necessity  adds  to  the 
Elapsed  Maintenance  Time  per  Maintenance  Aotlon  and  number  of  personnel 
required. 


3.2  SWUC  13  LANDING  GEAR  SYSTEM 


The  Landing  Gear  System  accounts  for  about  10*  of  an  aircraft's 
unscheduled  maintenance  expenditure  as  measured  in  MMH/FH.  Figure  6  shows  a 
typloal  distribution  of  Landing  Gear  System  maintenance  using  F-14A  data. 
Within  this  system,  the  Wheel/Tire  Assembly,  Main  Landing  Gear  (MLG)  and  Doors 
Subsystem  and  the  Brake  Subsystem  account  for  671  of  the  manhours  expended  and 
74}  of  the  maintenance  actions  reported. 

The  majority  of  the  F-14A  Wheel/Tire  Assembly  maintenance  is  done  at 
I-level  where  an  average  repair  time  of  3*8  hours  is  almost  twice  the  mean 
value  for  all  eight  aircraft  as  shown  in  Figure  7.  On-aircraft  repair  for  most 
aircraft  is  less  than  one  hour  but  ranges  from  1.1  to  3.8  hours  at  I-level. 
Similar  distributions  of  repair  time  at  0  and  I-levels  for  the  MLG  and  Doors 
Subsystem  and  the  Brake  Subsystem  show  wide  ranges  in  average  repair  time. 

The  degree  of  technology  improvement  predicted  in  a  new  aircraft's 
Landing  Gear  System  should  be  a  function  of  the  R&M  effort  made  in  the  above 
three  subsystems. 

A  positive  maintainability  feature  noted  during  the  study  was  in  the  Main 
Landing  Gear  Wheel  and  Tire  Subsystem  on  the  S-3A  aircraft.  A  special  bolt  is 
used,  whloh  when  tightened,  keeps  the  brake  discs  aligned  while  the  tire  is 
off.  This  feature  eliminates  one  of  the  time  consuming  installation  steps  - 
brake  disc  alignment.  This  is  a  prominent  contributing  factor  to  the  low  aver¬ 
age  Elapsed  Maintenance  Time  per  Maintenance  Action  shown  in  Figure  7 
(SWUC  13C  for  O-level  maintenance)  on  the  S-3A  airoraft. 
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A  negative  maintainability  feature  noted  in  the  Brake  Subsystem  was  the 
use  of  shims  and  sealant  during  installation  of  the  brake  on  the  F-4J 
aircraft.  As  noted  in  Figure  7  (SWUC  1 3D) ,  the  average  elapsed  maintenance 
time  for  O-level  maintenance  is  the  highest  of  all  study  aircraft. 

An  installation  utilizing  a  tripod  type  main  landing  gear  design  appear 
to  be  less  costly  to  maintain.  For  example,  the  use  of  this  type  installation 
allows  for  removal  and  replacement  of  components  such  as  a  shock  strut  without 
removal  of  the  wheels  and  tires.  In  addition;  the  use  of  tripod  gears  requires 
a  smaller  and  lighter  shock  strut. 

3.3  SWUC  14  FLIGHT  CONTROLS  SYSTEM 

The  Flight  Controls  System  contributes  about  1%  of  the  total  average  un¬ 
scheduled  maintenance  time  expended  on  the  eight  study  aircraft. 

The  maintenance  distribution  of  the  Flight  Controls  System  is  presented 
in  Figure  8  using  F-4J  data  as  the  representative  aircraft.  Three  of  these 
subsystems,  Flaps/Slats,  Lateral  Control,  and  Longitudinal  Control,  account 
for  84>  of  the  man-hours  and  80J  of  the  maintenance  actions  reported  against 
the  system. 

Figure  9  depicts  the  average  repair  times  for  the  three  subsystems  for 
each  of  the  eight  study  aircraft.  The  F-4J  falls  dose  to  the  mean  time  for 
each  of  the  subsystems  and  represents  an  almost  even  distribution  of  0  and 
1-level  maintenance  time.  This  is  not  the  case  with  the  F-14A  which  depicts  an 
average  repair  time  of  twice  the  mean  time  for  the  Lateral  Control  Subsystems 
in  both  1  and  O-level  maintenance.  Similar  excursions  are  noted  for  the  other 
subsystems  and  for  other  aircraft. 
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Figtira  §.  Distribution  of  F-4J  Flight  Controls  System  Maintenanee  (SWUC  14) 


Negative  maintainability  features  noted  in  the  Plight  Controls  System 
were  Inadequate  hand/tool  room  for  repair  action,  requirements  for  rigging 
after  repair,  and  the  number  of  fastener  removals  required  for  access. 

3.4  SWUC  23  ENGINE  SYST91 

The  Engine  System  averages  about  9$  of  the  unscheduled  maintenance 
generated  by  the  eight  study  aircraft.  Figure  10  presents  a  typical  distri¬ 
bution  of  Engine  System  maintenance  using  S-3A  data.  The  distribution  indi¬ 
cates  the  basic  Engine  and  the  Maln/AB  Fuel  subsystem  to  be  the  two  major 
engine  subsystems  accounting  for  65$  of  the  man-hours  and  68$  of  the  main¬ 
tenance  actions  expended. 

The  average  repair  times  for  the  two  major  subsystems  are  presented  in 
Figure  11  for  comparison  of  expenditures  between  the  eight  study  aircraft.  The 
average  repair  times  for  the  Basic  Engine  System  are  at  8.4  and  7.9  hours  for 
0  and  I-leveis  respectively.  Organizational  level  repair  time  is  primarily  a 
function  of  engine  removal  and  replacement  time.  As  a  typical  aircraft,  the 
S-3A  falls  within  the  mean  limits,  but  the  F-14A  sets  the  maximum  I-level 
expenditure  of  12.4  hours  and  the  A-7E  shows  a  12.6  hour  rate  for  0-level 
maintenance.  Similar  distributions  are  shown  for  the  Main/AB  Fuel  Subsystem 
although  lesser  in  magnitude  and  more  predominantly  0-level  expenditures. 

3.5  SWUC  29  POWER  PLANT  INSTALLATION  SYSTEM 

Only  about  2$  of  the  total  average  unscheduled  maintenance  time  is  attrib¬ 
uted  to  the  Power  Plant  Installation  System.  Using  A-6E  data,  Figure  12  was 
derived  to  show  a  typical  distribution  of  Power  Plant  Installation  System  main¬ 
tenance.  The  data  shows  the  Exhaust  Subsystem  and  Power  Plant  Controls  Sub¬ 
systems  accounted  for  84$  of  the  man-hours  and  74$  of  the  maintenance  actions 
reported  against  the  system. 
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Figure  12.  Distribution  of  A-DE  Pomtr  Plant  Installation  System  Maintenance  (SWUC  29) 


The  majority  of  the  A-6E  Exhaust  Subsystem  maintenance  is  performed 
on-aircraft  where  an  average  repair  time  of  3 >6  hours  is  almost  28#  greater 
than  the  mean  time  for  all  the  reporting  airoraft  as  shown  in  Figure  13.  At 
I>level  the  A-6E  repair  time  is  equivalent  to  the  mean  of  2.5  hours  where 
I-level  repair  ranges  from  1.2  to  6.6  hours.  Similar  0  and  I-level  mean  times 
are  noted  for  the  Power  Plant  Controls  Subsystem  with  a  comparable  range  of 
repair  times. 
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3.6  SWUC  41  AIR  CONDITIONING  SYSTEM 


On  the  average  about  2$  of  the  total  unscheduled  aaintenanee  tine  ex¬ 
pended  on  each  of  the  study  airoraft  was  attributed  to  the  Air  Conditioning 
System.  Figure  14  shows  a  typioal  distribution  of  Air  Conditioning  System 
maintenance  using  F-14A  data.  Within  this  system  the  Air  Conditioning  and 
Pressurization  Subsystems  account  for  66$  of  the  man-hours  expended  and  61$  of 
the  maintenance  actions  reported. 
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The  majority  of  the  F-14A  Air  Conditioning  Subystem  maintenance  is  done 
at  O-level  where  an  average  repair  time  of  3*5  hours  is  slightly  over  the  mean 
value  of  all  eight  study  airoraft  as  shown  in  Figure  15.  The  I-level  repair 
times  range  from  0.6  to  2.8  hours  with  the  F-14A  showing  an  average  repair 
time  slightly  more  than  half  the  mean  value  of  1.7  hours.  Similar  distribution 
of  repair  times  are  shown  for  the  Pressurization  Subsystem  at  0  and  1-levels 
with  a  wider  distribution  of  repair  times  from  0.5  to  5.6  hours  noted  in  the 
I-level  expenditures. 

A  negative  maintainability  feature  noted  in  this  system  during  the  study 
was  the  maintenance  requirements  for  the  AV-8A  Temperature  Controller  which 
has  hard-wired  switches.  Maintenance  on  these  switches  requires  unsoldering, 
soldering,  unpotting,  and  potting  electrical  connections  in  the  cockpit  or 
cutting  and  later  splicing  wires.  These  requirements  are  not  only  undesirable, 
they  also  are  very  time  consuming  (see  Figure  15,  SWUC  41  A,  0-level  for  the 
AV-8A  aircraft). 

3.7  SWUC  42  ELECTRICAL  ST ST EM 

The  unscheduled  maintenance  expenditures  attributed  to  the  Electrical 
System  amounts  to  about  6%  of  the  total  average  time  expended  on  each  of  the 
study  aircraft.  Data  from  the  F-4J  was  used  to  produce  the  typical  distri¬ 
bution  of  Electrical  System  maintenance  shown  in  Figure  16.  Within  this  system 
the  AC  Power  Supply  and  Aircraft  Wiring  Subsystems  account  for  73$  of  the  man¬ 
hours  expended  and  72$  of  the  maintenance  actions  reported. 
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Figure  16.  distribution  of  F-4J  Electrical  Syttam  Maintananca  (SWUC  42) 


Figure  17  deplete  the  average  repair  times  for  the  three  major  subsystems 
for  each  of  the  study  aircraft.  For  the  AC  Power  Supply  Subsystem  the  F-4J 
represents  an  almost  even  distribution  of  maintenance  level  repair  times  with 
an  expenditure  of  about  1.2  hours  over  the  mean  value.  Repair  actions  against 
the  Oenerator  Regulator  Panel  and  Generator  are  the  contributing  factors.  For 
the  aircraft  Wiring  Subsystem  the  I-level  repair  time  for  the  F-4J  is  over 
three  times  the  mean  value  and  represents  the  widest  excursion  within  the 
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study  aircraft.  Anomalies  related  to  the  wiring  circuits  for  the  Fire 
Detection,  Exterior  Lighting,  and  Engine  Start  Subsystems  are  the  drivers  in 
repair  time.  A  closer  time  distribution  is  noted  in  0-level.  Similar  repair 
time  distribution  is  shown  for  the  Generator  Drive  Subsystem. 

A  negative  maintainability  requirement  noted  in  the  Electrical  System  was 
the  requirement,  in  many  instances,  for  an  engine  run  to  operationally  check  a 
component  after  installation.  For  example,  after  removal  and  replacement  of 
the  Generator  Control  Panel  on  the  F-8J  aircraft,  an  engine  run  is  required  to 
operationally  check  the  Electrical  System.  This  requirement  has  an  influence 
on  the  Elapsed  Maintenance  Time  per  Maintenance  Action  (see  Figure  17, 
SWUC  42B,  O-level). 

3.8  SWUC  44  LIGHTING  SYSTEM 

The  Lighting  System  contributes  about  2%  of  the  unscheduled  maintenance 
time  expended  on  each  of  the  study  aircraft.  F-8J  data  was  used  to  show  a 
typioal  distribution  of  Lighting  System  maintenance  (Figure  18). 
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This  systea  is  comprised  of  two  subsystems,  Exterior  and  Interior 
Lighting,  with  the  Exterior  Subsystem  accounting  for  61 J  of  the  man-hours 
expended  and  5^1  of  the  maintenance  actions  reported.  The  majority  of  the  F-8J 
Exterior  Lighting  maintenance  is  performed  at  I-level  where  an  average  repair 
time  of  3.7  hours  is  substantially  over  the  mean  value  of  2.9  hours  for  all 
eight  study  aircraft  shown  in  Figure  19*  On-aircraft  repair  times  range  from 
1.1  to  1.7  hours  resulting  in  a  mean  of  1.3  hours  which  corresponds  to  the 
repair  time  for  the  typical  aircraft.  Similar  distributions  are  noted  for  the 
Interior  Lighting  Subsystem  for  both  maintenance  levels.  The  mean  repair  time 
for  the  I-level  is  3.6  hours  because  of  a  large  increase  in  expenditures  on 
the  F-m. 


Fiftir*  19.  Avaraga  Rapair  Tim*  for  Major  Ugtitinf  Subaystams  (SWUC  44) 
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In  Figure  21  the  average  repair  times  for  the  major  subsystems  is  pre¬ 
sented  for  the  eight  study  aircraft.  The  A-7E  shows  the  least  repair  time 
expenditure  and  averages  40$  less  time  than  the  mean  time  of  3.1  and  3*2 
expended  by  the  eight  aircraft  for  0  and  I-levels  respectively.  On-aircraft 
repair  times  range  from  2.1  to  3.9  hours  while  the  I-level,  because  of  an 
extreme  repair  time  expenditure  for  the  F-14A  ranges  from  1.8  to  8.3  hours. 

The  high  Elapsed  Maintenance  Time  at  0-level  for  the  AV-8A  aircraft  is 
influenced  by  the  requirement  to  remove  the  Wing  to  gain  access  to  the 
Hydraulic  Reservoir  for  adjustment  and/or  repairs  (see  Figure  21,  SWUC  45B). 
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3.10  SWUC  46  FUEL  SYSTEM 


About  3?  of  the  unscheduled  maintenance  expended  on  the  eight  study  air¬ 
craft  was  attributed  to  the  Puel  Systea.  Figure  22  show  a  typical  distri¬ 
bution  of  Fuel  Systea  maintenance  using  A-6E  data.  It  indloatea  that  the 
Internal  Fuel  Subsystea  is  the  aajor  contributor  accounting  for  671  of  the  man¬ 
hours  expended  and  57%  of  the  aaintenance  actions  reported. 
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A  comparison  plot  is  shown  in  Figure  23  for  the  average  repair  time 
expended  on  the  Internal  Fuel  Subsystem  for  each  of  eight  study  aircraft.  The 
majority  of  the  repair  time  is  performed  at  0-level  with  the  A-6E  reporting  an 
expenditure  of  2.8  hours.  This  is  substantialy  less  than  the  mean  value  of  4.1 
hours  for  the  reporting  aircraft  which  range  from  2.3  to  7.0  hours.  A  similar 
distribution  of  lesser  magnitude  is  noted  at  I-level  where  a  mean  repair  time 
of  1.2  hours  was  noted  based  on  a  range  of  0  to  2.7  hours. 
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3.11  SWUC  49  MISCELLANEOUS  UTILITIES  SYSTEM 

As  an  unscheduled  Maintenance  tine  contributor  the  Miscellaneous 
Utilities  System  accounts  for  less  than  1?  of  the  total  time  attributed  to 
each  of  the  study  aircraft.  In  Figure  24  a  typical  distribution  of  Miscel¬ 
laneous  Utilities  System  maintenance  is  presented  based  on  F-14A  data.  Within 
this  system,  Fire  Detection  Subsystem  maintenance  is  performed  predominantly 
at  the  on-aircraft  level. 
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Figure  24.  Distribution  of  F-14A  MtaoHanaous  UtHittaSyitmii  Mnittansnca  (SWUC  49) 
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The  F-14A  average  repair  time  is  3*5  hours,  slightly  exceeding  the  mean 
tine  of  3.0  hours  for  the  eight  study  aircraft  shown  in  Figure  25.  Interme¬ 
diate  level  maintenance  has  a  mean  repair  time  of  2.1  hours.  This  value  is 
somewhat  influenced  by  the  relatively  large  repair  time  of  12.5  hours  reported 
on  the  A-4M  aircraft.  Repair  time  ranging  for  the  balance  of  the  study  air¬ 
craft  is  0  to  2.1  hours. 
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Fifurt  25.  Average  Rapair  Time  for  Major  Miseailaneous  Utilities  Subsystem  (SWUC  49) 

3.12  SWUC  51  INSTRUMENT  SYSTEM 

The  Instrument  System  contributes  about  55  of  the  unscheduled  maintenance 
time  expended  on  the  study  aircraft.  Figure  26  shows  a  typical  distribution  of 
Instrument  System  maintenance  using  A-4M  data.  Within  this  system  three  major 
subsystems,  Flight/Navigation  Instruments,  Fuel  Quantity  Indication,  and 
Position  Indication,  account  for  725  of  the  man-hours  expended  and  775  of  the 


iintenance  notions  reported 


1 1  j  1 1 1  I i J II* 

lilili  li i Ilf 


Fi|ura  28.  Distribution  of  A-4M  Instramont  Sytton  Mointsosnco  (SWUC  51) 


Figure  27  depicts  the  average  repair  tines  for  the  three  subsystems  for 
each  of  the  eight  study  aircraft.  In  eaoh  case  the  majority  of  the  repair  time 
is  performed  at  0-1 eve  1.  For  the  Flight/Navigation  Instruments  Subsystem 
repair  time  expenditures  are  stable  with  individual  aircraft  averages 
generally  falling  within  an  hour  of  the  mean  repair  times  of  1.8  and  1.4  hours 
for  0  and  I-level  respectively.  Wider  distributions  of  repair  times  are  noted 
for  the  Fuel  Quantity  Indication  and  Position  Indication  Subsystems  at  0  and 
I-levels  with  the  widest  range  of  repair  times  resulting  from  the  Fuel 
Quantity  Indicating  Subsystem. 

A  negative  maintainabiity  feature  noted  in  the  Instrument  System  for  the 
F-4J  aircraft  was  the  requirement  to  adjust  and  calibrate  the  fuel  quantity 
indicators  to  the  fuel  probes  prior  to  securing  the  Indicator  in  the  aircraft. 
This  requirement  has  a  significant  impact  on  the  Elapsed  Maintenance  Time  per 
Maintenance  Action  (see  Figure  27,  SWUC  51C,  0-level  maintenance). 

3.13  SWUC  56  FLIGHT  REFERENCE  SYSTEM 

The  Flight  Reference  System  accounts  for  1  to  5%  of  the  total  unscheduled 
maintenance  (MMH/FH)  expended  on  each  of  the  eight  study  aircraft.  Using  A-4M 
data,  a  typical  distribution  of  Flight  Reference  System  maintenance  is  shown 
in  Figure  28.  The  Angle-of -Attack  Indication  (AOA)  and  Air  Data  Computer 
Subsystems  are  shown  as  the  major  maintenance  contributors  accounting  for  76% 
of  the  man-hours  and  83$  of  the  maintenance  actions  expended  to  support  the 
system. 
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Figur*  28.  Distribution  of  A-4M  Flight  Raftrenca  System  Maintanonco  (SWUC  56) 


In  Figure  29  the  average  repair  times  for  the  contributing  subsystems  is 
illustrated  for  the  eight  study  airoraft.  Organizational  level  maintenance 
time  for  the  AOA  Indication  Subsystem  is  stable  about  the  mean  of  1.8  hours.  A 
much  wider  dispersion  of  repair  times  is  noted  for  I-level  where  the  F-14A 
with  a  five  hour  repair  time  is  two  and  one-half  times  the  mean  of  the  eight 
airoraft.  On-airoraft  repair  for  the  Air  Data  Computer  Subsystem  is  similarly 
stable  about  the  mean  repair  time  of  1.9  hours  for  the  eight  aircraft.  The 
increased  complexity  of  I-level  repair  is  evident  in  the  average  times  for  the 
AV-8A  and  F-14A  being  reported  as  10.2  and  11.8  hours  respectively  against  a 
mean  time  for  all  eight  airoraft  of  6.5  hours. 
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A  negative  maintainability  feature  noted  in  this  system  was  the  require¬ 
ment  for  removal  and  replacement  of  the  Angle-of-Attack  Transducer  in  the 
AV-8A  aircraft.  To  gain  access,  a  panel  secured  by  14  screws  must  be  removed, 
wire  bundle  tie  wraps  must  be  out  and  subsequently  replaced,  and  even  with  the 
panel  removed,  there  is  marginal  accessibility  to  the  four  mounting  bolts  and 
electrical  connectors.  Requirements  of  this  type  are  what  causes  increased 
Elapsed  Maintenance  Time  per  Maintenance  Action  (see  Figure  29,  SWUC  56A, 
O-level  maintenance).  Another  negative  maintainability  feature  was  noted  on 
the  F-4J  aircraft  where,  in  order  to  remove  the  Air  Data  Computer,  the 
Ejection  Seat  and  a  Receiver-Transmitter  (RT)  Unit  (radio)  must  be  removed 
(see  Figure  29,  SWUC  56B,  O-level  maintenance). 

3.14  SWUC  60  COMMUNICATIONS  SYSTB4 

The  Communications  System  accounts  for  4  to  7 %  of  the  total  unscheduled 
maintenance  (MMH/FH)  expended  on  the  eight  study  aircraft.  A  typical  distrib¬ 
ution  of  communications  maintenance  based  on  F-4J  data  is  shown  in  Figure  30. 
Of  the  subsystems  listed,  the  UHF  Communications  and  IFF  are  the  major  main¬ 
tenance  consumers  accounting  for  82%  of  the  man-hours  and  75%  of  the 
maintenance  actions  expended.  Figure  31  offers  a  breakdown  of  the  average 
repair  times  for  eaoh  of  the  eight  study  aircraft  as  it  pertains  to  the  two 
major  subsystems.  On-aircraft  repair  times  (O-level)  for  both  subsystems  have 
some  variation  but  are  generally  consistent  with  the  mean  value  of  1.4  and  1.5 
hours  for  the  UHF  and  IFF  respectively.  The  increased  complexity  of  I-level 
repair  is  denoted  by  an  increase  in  the  mean  repair  times  to  4.5  and  3,9  hours 
respectively  for  these  same  subsystems.  A  significantly  greater  average  repair 
time  also  is  noted  for  the  A-6E  and  F-4J  UHF  Communications  Subsystem. 
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Figure  31.  Average  Repair  Tima  for  Major  Communications  Subsystems  (SWUC  60) 


As  noted  in  Figure  31,  SWUC  63,  0-level,  the  F-4J  indicates  a  much  higher 
Elapsed  Maintenance  Time  (EMT)  per  Maintenance  Action  (MA)  than  the  other 
aircraft  in  the  study.  One  reason  for  the  higher  EMT/MA  is  the  requirement  to 
remove  the  Ejection  Seat  to  gain  access  to  the  UHF  Radio  Receiver  Transmitter. 
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3.15  SWUC  71/72/73/74  NAVIGATION/WEAPON  CONTROL  SYSTEMS 


The  Navigation/Weapon  Control  Systems  accounted  for  16  to  35f  of  the 
total  unscheduled  maintenance  (MMH/FH)  reported  on  each  study  aircraft.  Figure 
32  shows  a  typical  distribution  of  subsystem  maintenance  based  on  A-7E  data. 
The  maintenance  requirements  are  almost  equally  divided  between  0  and  I-level 
for  this  control  grouping.  The  top  three  subsystems,  Inertial  Nav,  Radar  Set 
and  Miscellaneous  Set/Group,  are  the  major  maintenance  contributors  accounting 
for  51$  of  the  man-hours  and  435  of  the  maintenance  actions  expended. 

A  breakdown  of  the  average  repair  times  for  each  of  the  eight  study  air¬ 
craft  for  the  three  major  maintenance  contributors  is  shown  in  Figure  33* 
Because  of  the  large  grouping  of  subsystems  in  the  Navigation/Weapon  Control 
area,  only  some  of  the  aircraft  have  repair  time  expenditures  for  the  major 
subsystems.  The  A-7E  is  the  only  study  aircraft  with  repair  times  for  all 
three  of  the  major  subsystems.  No  significant  deviations  are  noted  in  0  and 
I-level  repair  times  except  for  the  F-8J  where  the  I-level  Miscellaneous  Set/ 
Group  expenditure  of  about  11  hours  is  almost  twice  the  A-7E  time. 

The  primary  negative  maintainability  features  noted  in  these  subsystems 
were  the  lack  of  Built-In-Test/Bullt-In-Test-Equipment  (BIT/BITE)  provisions 
for  repair  verification,  lack  of  raok  and  panel  connectors,  equipment  located 
at  a  level  which  require  the  use  of  a  maintenance  stand  for  repair,  and  the 
lack  of  quick  release  fasteners  or  latches  on  panels  which  require  removal  for 
acoess.  For  example,  41  stress  fasteners  must  be  removed  from  one  panel  to 
gain  access  to  the  Radar  Altimeter  RT  Unit  on  the  F-4J  aircraft. 
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Fifwt  32.  Distribution  of  A-7E  Navigation/Waapon  Control  Systom  Maintonanco  (SWUC  71/72/73/74) 


3.16  SWUC  75  WEAPONS  DELIVERY  SYSTEM 


The  Weapons  Delivery  System  accounts  for  almost  4%  of  the  total  unsched- 
uled  maintenance  (M**i/FH)  reported  on  the  eight  study  aircraft.  A  typical 
distribution  of  Weapons  Delivery  System  maintenance  based  on  A-7E  data  is 
shown  in  Figure  34.  Of  the  subsystems  comprising  this  system,  the  Launcher/ 
Racks/Ralls  is  the  major  maintenance  contributor  accounting  for  63}  of  the 
maintenance  man-hours  expended  and  61}  of  the  maintenance  actions  reported. 
Man-hour  expenditures  are  almost  equally  divided  between  0  and  I-level 
maintenance  categories. 
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Fifurt  34.  Distribution  at  A-7E  Witpons  UtiivfiY  Systtm  Mainttnanet  (SWUC  75) 

In  Figure  35  a  breakdown  of  the  average  repair  times  associated  with  each 
of  the  eight  study  aircraft  for  the  major  subsystems  is  presented.  The  on- 
alrcraft  repair  times  ranged  from  1.2  to  2.0  with  the  F-4J  spiking  to  4.3 
hours,  resulting  in  a  mean  0-level  repair  time  of  1 .9  hours.  Intermediate 
maintenance  repair  times  for  this  subsystem  ranged  from  less  than  one  hour  for 
the  F-3J  to  a  high  of  over  nine  hours  for  the  A-4M.  The  resultant  mean  repair 
time  was  determined  to  be  3.3  hours. 


3.17  SWUC  76  ECM  SYSTEM 


The  Electronic  Countermeasures  (ECM)  System  accounts  for  about  31  of  the 
total  unscheduled  maintenance  (MMH/FH)  reported  on  the  study  aircraft  with  the 
majority  of  the  maintenance  time  performed  at  O-level.  Figure  36  shows  a 
typioal  distribution  of  ECM  maintenance  based  on  F-4J  data.  The  ECM  Receiver 
Set,  ECM  System /Set/Equipment  and  Radar  Receiver  Set  are  the  three  subsystems 
categorized  as  being  prime  maintenance  contributors  accounting  for  86?  of  the 
maintenance  man-hours  expended  and  86?  of  the  maintenance  actions  reported. 


r. 


In  Figure  37  the  average  repair  times  for  the  three  major  subsystems  are 
illustrated  for  each  of  the  study  aircraft.  Some  fluctuation  is  noted  in  the 
on-air or aft  repair  times  but  overall  the  mean  times  are  comparable  for  each 
subsystem.  Intermediate  level  repair  times  show  the  ECM  System/Set /Equipment 
Subsystem  as  the  prime  consumer  with  a  mean  repair  time  of  over  14  hours.  This 
is  over  twice  the  mean  repair  time  shown  by  either  of  the  other  two  subsys¬ 
tems. 

A  negative  maintainability  feature  noted  in  this  system  during  the  study 
was  on  the  F-4J  aircraft.  The  ALR-50  Radar  Receiver  Installation  is  inaccessi¬ 
ble  and  numerous  after  installation  checks  are  required  on  unrelated  systems 
that  have  to  be  disturbed  to  effect  removal.  The  elements  that  go  into  making 
this  removal  task  unacceptable  from  a  maintainability  polnt-of-view  are  the 
need  to  remove  42  fasteners  securing  the  access  panel,  five  units  from 
unrelated  systems,  a  waveguide,  and  one  equipment  rack  Just  to  gain  access  to 
the  receiver.  The  high  time  recorded  to  remove  and  replace  the  ALQ-100  also  is 
considered  a  maintainability  "driver".  The  high  time  primarily  is  due  to  the 
unit's  location  in  the  aircraft  (upper  dorsal  area)  and  the  necessity  to 
remove  an  adjaoent  unit  to  accomplish  the  action.  These  factors  are  primary 
drivers  of  the  Elapsed  Maintenance  Time  per  Maintenance  Action  at  O-level 
maintenance  (see  Figure  37*  SWUC  76k,  F-4J  aircraft). 

3.18  SWUC  90  MISCELLANEOUS  EQUIPMENT/SYSTEMS 

Miscellaneous  Equipment/Systems  accounts  for  less  than  If  of  the  total 
unscheduled  maintenance  (MMi/FH)  reported  on  the  eight  study  aircraft.  Figure 
38  shows  a  typical  distribution  of  Miscellaneous  Equipment/Systems  maintenance 
based  on  F-4J  data.  Explosive  Devices  and  Emergency  Equipment  Subsystems  are 
the  major  maintenance  contributors  aooountlng  for  89f  of  the  maintenance 
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man-hours  expended  and  77$  of  the  maintenance  actions  reported.  By  the  very 
nature  of  the  subsystem,  Explosive  Devices  maintenance  is  exclusively 
on-aircraft  maintenance.  About  25$  of  the  maintenance  time  expended  on  the 
Emergency  Equipment  Subsystem  is  I-level. 


Figure  39  presents  a  breakdown  of  average  repair  times  for  the  two 
subsystems  as  they  pertain  to  each  study  aircraft.  Under  the  Explosive  Devices 
Subsystem,  the  F-14A  had  the  lowest  average  repair  time  (1.4  hours)  while  the 
A-6E  recorded  the  high  average  time,  8.4  hours.  Five  of  the  eight  aircraft 
fell  below  the  mean  repair  time  of  3*8  hours.  The  F-4J,  as  a  typioal  aircraft, 
had  an  average  repair  time  of  3.4  hours  for  both  0  and  1-level  maintenance 
under  the  Emergency  Equipment  Subsystem.  Other  I-level  excursions  ranged  from 
1.5  to  9 .5  hours. 
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3.19  SWUC  01  OPERATIONAL  SUPPORT  SYSTEM 


The  Operational  Support  Systaa  accounts  for  the  largest  portion  of  the 
reported  expenditures  of  alroraft  Maintenance,  averaging  approximately  27$  of 
the  total  alroraft  aaintenanoe  tine  and  48$  of  the  total  aalntenanee  tine 
reported  under  all  Support  Action  Codes  for  the  eight  study  alroraft.  Figure 
40  shota  a  typioal  distribution  of  man-hours  and  actions  for  the  Operational 
Support  System  based  on  A-7E  data.  Of  the  subsystems  listed,  the  Operational 
Support  Subsystem  is  the  major  maintenance  oonaumer  accounting  for  45$  of  the 
man-hours  expended  and  39$  of  the  maintenance  actions  reported.  Only, 
Servicing  and  Troubleshooting  Launch  Aircraft  Subsystems,  which  account  for 
23$  of  the  man-hours  and  27$  of  the  maintenance  aotlons,  are  considered  design 
related  and  germane  in  predicting  technology  improvement  of  a  new  design. 

3.20  SWUC  03  SCHEDULED  AIRCRAFT  INSPECTIONS 

One  of  the  larger  maintenance  expenditures  is  recorded  against  Scheduled 
Aircraft  Inspections.  Approxlaately  19$  of  the  total  alroraft  maintenance  time 
and  33$  of  the  total  support  aotlon  time  was  the  average  expenditure  reported 
on  the  eight  study  aircraft  for  scheduled  maintenance.  Figure  41  illustrates  a 
typioal  distribution  of  the  maintenance  expenditures  for  Scheduled  Aircraft 
Inspections  based  on  F-14A  data.  Daily/Special  and  Turnaround/Preflight 
Inspections  are  considered  the  prims  contributors  to  the  cost  of  maintenance 
aooounting  for  64$  of  the  man-hours  expended  and  88$  of  the  maintenance 
actions  reported.  Both  of  the  inspection  categories  are  considered  as  being 
design  related  support  aotion  tasks  and  should  be  considered  in  the  technology 
improvement  prediction  during  evaluation  of  new  designs. 
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Fifora  41.  Ovtriiwtioa  of  F-14A  Miinttnanca  Expanded  for  SchaduM  Aircraft  Impaction  (SWUC  03) 


3.21  SWUC  05  SHOP  SUPPORT  MAINTENANCE 

Th«  Shop  Support  maintenance  tasks  account  for  approximately  10*  of  the 
total  support  aotion  effort  and  6*  of  the  total  MMi/FH  expended  on  the  eight 
study  alroraft.  A  presentation  of  the  Shop  Support  Malntenanoe  distribution  is 
shown  in  Figure  42  based  on  A-6E  data.  The  General  Funotions  and  Mission  Shop 
Support  are  the  two  support  aotion  consumers  accounting  for  71*  of  the  man¬ 
hours  expended  and  90*  of  the  maintenance  aotlona  reported.  The  Mission  Shop 
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Support  Subsystems  are  not  generally  considered  design  related,  making  it 
difficult  to  establish  a  technology  improvement  during  the  evaluation  of  a  new 
design. 

3.22  SMUC  24/47/57/77/02/04  SINGLE  ELEMENT  STRUCTURE  SYSTEMS 

Six  of  the  SMUC’s  were  not  included  in  the  graphic  representation  of  this 
section  because  of  the  single  element  structure  of  these  systems.  The  six 
codes  included  are:  SMUC  24  -  Auxiliary  Power  Plant,  SMUC  47  -  Oxygen,  SMUC  57 
-  Integrated  Guidance/Flight  Control,  SMUC  02  -  Cleaning,  and  SMUC  04  - 
Corrosion  Prevention. 

In  each  case  the  majority  of  the  maintenance  effort  was  performed  at 
0-level.  The  first  four  Mork  Unit  Codes  were  reviewed  for  their  impact  on  the 
total  unscheduled  MMH/FH  expended  on  each  aircraft.  The  only  significant 
contribution  was  noted  in  the  Integrated  Guidance/Flight  Control  System  (SMUC 
57)  where  system  support  costs  accounted  for  6.9%  of  the  total  maintenance 
time  expended  by  the  F-8J.  Other  aircraft  ranged  from  1.8  to  3.2%  for  this 
system.  The  remaining  two  codes  (SMUC  02  and  04)  were  related  to  the  total 
support  action  expenditures.  Only  the  Corrosion  Prevention  (SMUC  04)  category 
was  significant  with  maintenance  expenditures  ranging  from  9.0  to  12.8%  for 
the  study  aircraft  with  the  A-7E  and  F-14A  being  the  largest  contributors  at 
12.0  and  12.8%  respectively. 


4.0  TECHNOLOGY  IMPROVEMENT  EVALUATION 


4.1  TECHNOLOGY  IMPROVEMENT  FACTOR  (TIF) 

The  Maintainability  Index  Model  (MIM)  calculates  baseline  maintenance 
requirements  reflecting  state-of-the-art  technology  and  its  corresponding  RAM 
effort.  Engineering  improvements  which  reduce  maintenance  resources  and 
frequency  of  maintenance  in  a  new  design  are  measured  by  comparison  of  the 
contractor  predicted  maintainability  factors  to  the  MIM  baseline.  A  positive 
(or  negative)  delta  from  the  MIM  baseline  is  referred  to  as  a  Technology 
Improvement  Factor  (TIF).  The  MIM  provides  a  method  of  calculating  a  TIF  for 
each  individual  system. 

4.2  TECHNOLOGICAL  FORECASTING 

Technological  forecasting  during  the  conceptual  design  phase  is  a 
difficult  task.  This  results  from  the  fact  that  both  the  predicted  technology 
improvements  and  an  evaluation  of  the  predicted  improvements  are  subjective  in 
nature.  A  great  amount  of  difference  can  result  between  a  highly  optimistic 
prediction  and  a  highly  pessimistic  evaluation  of  the  prediction. 

A  good  evaluation  of  predicted  technology  improvements  in  a  system  is  one 
that  can  verify,  with  a  reasonable  degree  of  certainty,  that  improvement  or 
laok  of  improvement  will  result  from  Innovations  of  the  design.  In  most 
instances,  it  will  not  be  possible  to  quantify  the  exact  amount  of  improvement 
prior  to  an  operational  evaluation  of  the  system. 

The  Maintainability  Index  Model  (MIM)  presented  in  the  "Aircraft  Mainte¬ 
nance  Experience  Design  Handbook”  (reference  1)  provides  the  point  of 
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departure  and  the  need  for  an  evaluation  of  predioted  improvements  in  a 
system.  The  MIM  was  developed  using  actual  operational  maintenance  data  and 
design  performance  parameters  of  several  systems.  These  systems,  in  one  form 
or  another,  employ  most  or  all  of  the  known  technology  available  today.  It  is 
logical  then,  to  assume,  that  significant  maintainability  Improvements  are  not 
possible  without  a  major  breakthrough  in  technology.  However,  there  are  some 
areas  within  today's  technology  where  innovations  in  design  can  Influence 
resources  and  requirements  which  will  result  in  some  overall  technological  or 
maintainability  improvement  for  a  system.  Many  of  the  areas  where  Improvements 
are  possible  are  documented  in  section  three  of  this  study. 

4.3  CRITERIA  FOR  EVALUATING  TECHNOLOGY  IMPROVEMENT  FACTORS 

The  criteria  selected  for  system  technology  evaluation  is  the  Technology 
Improvement  Factor  (TIF).  A  number  of  techniques  can  be  used  for  quantifying 
subjective  judgements  with  the  most  common  being  some  form  of  scaling.  In 
subjective  scaling,  a  number  replaces  semantics  as  a  way  of  communicating 
one's  Judgement  of  a  qualitative  concept.  In  the  MIM,  TIF's  are  used  to 
measure  MMi/FH  and  MA/FH  improvements  or  degradations  over  a  baseline  system. 
The  following  procedure  may  be  used  to  evaluate  TIF's. 

Figure  43  shows  technology  improvement  sensitivity  as  a  function  of 
MMi/FH  *  1.0.  The  graph  shows  that  the  predicted  MMH/FH  value  for  the  given 
system  is  a  40#  improvement  over  an  equivalent  baseline  design. 
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An  evaluator  oust  be  able  to  relate  this  value  to  the  design  predicted  by 
the  contractor.  Use  of  the  following  steps  is  recommended  in  an  effort  to 
formalize  the  decision  making  process: 

(1)  Determine  what  new  technology  is  being  used  in  the  system.  New  tech¬ 
nology  is  defined  as  equlpment/components,  installations,  structure, 
etc.,  not  previously  used  in  the  baseline  system.  Ensure  that  the 
new  technology  is  not  more  complex  and  does  not  require  more 
maintenance  than  the  system  it  replaces.  Consult  the  contractor's 
proposal  for  substantiating  rationale  on  system  reliability  and 
maintainability  (RAM)  design  features.  If  no  new  technology  is  being 
implemented  in  a  system,  then  the  evaluation  must  become  increasing 
pessimistic  since  the  baseline  represents  the  results  of  essentially 
the  same  technology. 
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( 2 )  Relate  the  impaot  of  the  contractor's  design  to  the  maintenance 
significant  areas  identified  in  Section  3.0  of  this  study.  Signi¬ 
ficant  technology  improvements  cannot  be  realized  unless  the  drivers 
of  system  maintenance  are  impacted. 

(3)  Consult  the  checklist  in  Table  2  for  TIP  variability.  Identify  those 
factors  which  have  the  greatest  impact  on  the  contractor's 
predictions.  For  example,  a  negative  technology  improvement  factor 
may  not  always  be  the  result  of  a  more  complex  system.  Sometimes 
data  base  incompatibility  may  yield  false  values.  That  is,  the 
contractor's  data  base  may  be  from  a  different  time  period  than  the 
model  in  which  case  the  evaluator  must  make  allowances  to  account 
for  this  variation. 

As  previously  discussed,  a  completed  evaluation  may  not  result  in  exact 
quantitative  results.  However,  the  completed  evaluation  should  provide  a  good 
indication  of  the  validity  of  the  contractor's  predicted  technology  improve¬ 
ments.  The  aotual  improvement  may  not  be  verified  until  hardware  testing  or 
until  the  system  becomes  operational. 
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TABLE  2.  T IF  EVALUATION  CHECKLIST 


A.  DEGRADATION 

1.  More  complex  system  -  Increase  In  functional  capability  of  equipment. 

2.  Increase  in  the  number  of  WRA's  -  system  requirement  for  additional 
equipment. 

3.  Data  base  incompatibility  -  contractor's  historical  maintenance  data 
base  differs  significantly  from  model  data  base. 

4.  Analyst  pessimism. 

5.  Maintenance  concept  mismatch  -  skill  level,  training  required,  level 
of  repair. 

B.  NO  CHANGE 

1.  Equipment  commonality  -  same  equipment  used  in  both  aircraft. 

2.  System  R&M  design  features  have  negligible  impact  on  units  of  measure¬ 
ment. 

3.  No  significant  change  in  system  technology. 

C.  IMPROVEMENT 

1.  Design  simplicity. 

2.  Quick  and  easy  access  to  all  equipment. 

3.  Application  of  Automatic  Test  Equipment  (ATE)  and  BIT  to  improve 
fault  Isolation. 

4.  Correction  of  defects  on  past  systems  -  see  Section  3.0. 

5.  Use  of  new  equipment  designed  for  R&M. 

6.  Use  of  latest  state-of-the-art,  proven,  reliable,  off-the-shelf 
equipment. 

7.  Maintenance  tasks  simplification. 

8.  Re-allocation  of  some  troubleshooting/repair  tasks  to  I-level. 

9.  Changes  in  scheduled  maintenance  concept  which  takes  advantage  of 
Reliability  Centered  Maintenance. 

10.  Analyst  optimism. 

11.  Data  base  incompatibility  -  contractor's  data  base  differs  from  model 
data  base. 
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5.0  CONCLUSIONS  AND  RECOMMENDATIONS 


5.1  CONaUSIONS 

The  validation  of  a  contractor's  maintainability  predictions  during  the 
conceptual  design  phase  of  a  system  must  be  accomplished  primarily  by  a 
subjective  evaluation  of  the  design  innovations. 

A  customer  for  a  new  system  must  be  cautious  of  significant  predicted 
maintainability  improvements  compared  to  a  baseline  of  operational  performance 
and  design  characteristics  unless  there  has  been  a  major  breakthrough  in  main¬ 
tainability  technology. 

System  complexity,  equipment  commonality  and  design  philosophy  all  tend 
to  reduce  any  significant  reductions  in  maintainability  resources  and  require¬ 
ments. 


5.2  RECOMMENDATIONS 

To  provide  a  data  base  from  which  a  customer  can  complete  an  objective 
evaluation  of  a  contractor's  maintainability  prediction  during  the  conceptual 
design  phase,  the  Request-for-Proposal  (RFP)  must  require  the  contractors  to 
provide  a  more  complete  definition  of  the  maintainability  qualitative  design 
features  of  the  new  system. 
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APPENDIX  A 

AIRCRAFT  SUBSYSTEM  MMH/FH  DATA 


Table  A-1 . 1  Navy  Fighter/ At taok/ ASH  Aircraft  Standard  Hork  Unit  Code  Report 
Matrix  of  Navy  Aireraft  Class  1  MMH/FH  0+1  Level  Data  By  3  Digit  SHUC 
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Table  A-1.2  Navy  Fighter/ Attack/ ASH  Aircraft  Standard  Work  Unit  Code  Report 
Matrix  of  Navy  Airoraft  Class  1  MMH/FH  0+1  Level  Data  By  3  Digit  SWUC 
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Table  A-1.3  Havy  Fighter /At tack/ ASH  Aircraft  Standard  Work  Unit  Code  Report 
Matrix  of  Havy  Airoraft  Class  1  iMH/FH  0+1  Level  Data  By  3  Digit  SWUC 
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Table  A-1.4  Navy  Fighter/ Attack/ ASH  Alroraft  Standard  Work  Unit  Code  Report 
Matrix  of  Navy  Alroraft  Class  1  MMH/FH  0+1  Level  Data  By  3  Digit  SWUC 
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APPENDIX  B 

AIRCRAFT  MA/FH  DEFECT  RATIO  DATA 


Table  B-1  Navy  Fighter/ Attack/ ASH  Aircraft  Standard  Work  Unit  Code  Report 
Navy  Aircraft  Class  1  Versus  Class  2  Defect  Ratio  -  MA/FH  0  Level 
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Table  B-2  Navy  Fighter/ Attack/ ASW  Aircraft  Standard  Work  Unit  Code  Report 
Navy  Aircraft  Class  1  Versus  Class  2  Defect  Ratio  -  MA/FH  1  Level 


APPENDIX  C 

STANDARD  WORK  UNIT  CODE  (SWUC)  MATRIX 


Table  C-1.2  SWUC  Matrix 
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Air  Sa*  C—ar 

na 

HJ 

Hs*e 

sua.  73A* 

sa 

1 

4 

1 

! 

He 

HK 

sea.  sa 

sus.  nn 

on  ooafnam  earns 

sr 

r 

sr 

sr 

S7 

cawmcATion 

a 

tx 

a.  (amt),  cams) 

« 

a 

nr  c— itMti— 

a 

a 

I/A 

r/A 

a 

C-3 


i&asi 


Table  C-1.3  SWUC  Matrix 


C-4 


Table  C-1.4  SWUC  Matrix 


Mm  iMi/hula 


I 


nm^im 

viac  Mm*  Km 


■Mr  Brim  1] 
1  IHI  IIHM 


i  Air  am 


Mr 

Mr 

r-iki 

U,  10.  1*6 

U,  10,  *0 

U,  125,  (410/6) 

UU,  UU.  Uli,  uu. 

UU/t,  U13/T/2,  UU/3 

U12A/T/6,  U2L,  U3S, 

1123,  113.  (-Ullk) 

U0/I,  1131/3,  11)5/6, 

U35/6/5,  Ukt.  UR, 

(-U1U) 

UU/t,  US/3,  U5k/6 

Ui,  US 

U1S/3A.  Uli/T/9 

Ulk/6,  UK/k,  1132/k 

UU/6/5.  UK/SA 

uu.  uat.  ua* 

Uk),  11505 

U32/3A,  Ukfc,  UK 

Ullk 

UU 

UU 

UU3,  UU.  10 

10 

UU,  10 

1*6 

*0 

01 

12,  (40) 

12.  (-10) 

12,  (40) 

IK 

IK 

10 

ia 

10 

122.  10,  16k 

u 

U,  (-1363) 

U 

as,  us 

10 

131,  ua 

U31,  1332 

132 

133,  13* 

1325,  1333 

13* 

US 

13* 

139.  1352 

136 

133*.  1335 

133 

139 

131 

136,  1351,  (-U63) 

136 

139 

136,  (-130) 

131 

136 

130 

ua 

137 

lk.  (-1*6) 

U,  (-lk*),  (4*64) 

11 

1M. 

14,  (4*13) 

14 

lk« 

1*6 

1*6 

1*3 

lk* 

l*k 

Ikk 

1*3 

1*3 

lk* 

1*6,  ikT,  (4*64) 

1*6 

Iki 

1*6 

1*5 

«k 

0* 

1*6 

0 

0 

0 

010.  0U,  012,  2)13, 

2)0,  061,  2)0.  06). 

00,  016.  230,  232* 

00 

*36* 

2)19 

00 

230 

00,  Otf 

066,  00 

2316,  0*5 

0*6 

230 

130 

00 

230 

230 

00 

00 

232k 

aw 

2)0 

00 

01 

f/A 

2/1 

m 

0 

0 

m 

20 

m 

m 

20 

20/3.  295/6,  20 

05 

20 

20 

06 

ue 

2)6 

IK 

uu/3.  uno-vuns 
uu,  im/» 
uu.  uu,  uu, 
U31A  —  un» 


ua 

IS 

m 

US 

13 

133,  (-1353) 


132,  (-««) 


1313.  1353 

130.  130.  13A.  1365 
133 

1311.  1312.  1313 

137 

13k 

131k.  1363 
Ik 

1*120 -MlkUA 
lk3 

lklU-*lkU9,lkU/?  ,lkS 
1*5.  1*6 
1*T,  1M 

*1 

n 

mo,  mu  ma.  mi, 
m* 

*fl5 

mi 
«ns 
m* 
iru 
ma 
I*,  m 
a*.  (-**») 
m.  w 


Table  01.5  SWUC  Matrix 


a.  m 

ku.ua.ku 

ku.  ua 

US 

Ik* 


m.  c 

kMi/o/ar/a 

UB 


M.  (jkn») 

k» 


k* 

WJA/V* 


kr, 

k*.  (•**» 


n.  vim.  ksv.  kn 

(-SIM),  UH 

ou «.  (-«*) 


nk 

ns.  MU,  IMS 
kn».  kn 


*.  StM 

su* 


h# 

kau 

kau. «.  nu 
kau 

kas.  has 

kal 

kk 

kU 

kfca.  kk< 


km.  uu 


k*.  s*.  (uaa/s/tt) 


nsa 

SVk.  SUfc 
JW.  SUS 


H 

s*s.  seoe 


5* 

34*.  sea 
rr 

m,  (mtnm).  <-*nn 

w* 


Table  C-1.6  SWUC  Matrix 


FILM 


